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ABSTRACT 

Nowadays, active power flow should be controlled 
because voltage fluctuation occurred on various load 
conditions. Phase shifting transformer (PST) is used 
to control the active power flow in three phase 
electricity transmission network. It can increase 
reliability and can serve as an alternative to new 
investments in overhead lines. The control of active 
power flow is achieved by adjusting the phase angle 
of the voltages at the PST terminals. In this paper, 230 
kV AC transmission line is chosen for active power 
flow control. Two conditions, maximum and 
minimum load conditions are considered as a case 
study for active power flow control performance in a 
selected line. Simulation of active power flow with 
PST model is carried out by using Matlab software. 
Linally, according to simulation results, system 
voltages and active power depend phase angles are 
revealed in this paper. 

Keywords: phase shifting transformer, on load tap 
changer, transmission line, phase shift angle, active 
power flow control 

I. INTRODUCTION 

Electric power is transported between different 
voltage levels of the electric grid through 
interconnected transmission lines. Overloading in 
transmission line decreases the security of power 
system. When power flows between two nodes, there 
is a voltage drop and a phase angle different between 
the sending end and receiving end. So, the power flow 
needs to control in order to achieve the optimal 
utilization of transmission lines capacity. Operating 
efficiency of transmission can be improved by using 
FACTS device. Phase Shifting Transformer is one of 
the FACTS families which can be used for power 


control in a network. Therefore, the phase-shifting 
transformer is the first choice for controlling the 
active power flow between two system areas as it is 
the less expensive than the FACTS devices, and 
performs satisfactorily under steady-state conditions. 
For example, the PST can be used in order to impose 
a power flow according to the contractual amount. For 
this reason, the PSTs are usually installed on 
interconnection lines [1], 

In interconnected power networks, certain ac 
transmission lines do not have definite sender and 
receiver ends since the active power conveyed by 
these lines does not flow in the same direction at all 
times. The polarity of phase shift 8 between the 
voltages at two regions of an interconnected power 
network is very important because it determines the 
direction of the active power flow in the 
corresponding ac transmission line [4], PST can alter 
the polarity of phase angle 8 between the voltages by 
using OLTC. PSTs compensates for the drop by 
inserting, between its sending and its receiving ends, a 
series voltage in quadrature with the line-to-ground 
voltages. This quadrature voltage produces, between 
the PSTs terminals, a phase shift whose magnitude 
varies with the magnitude of the quadrature voltage 
[3], 

The purpose of PST is usually the control of power 
flow over transmission lines. Both the magnitude and 
the direction of the power flow can be controlled by 
varying the phase shift. Although PSTs enable the 
control of power flowing through a line, the flow 
itself is still a function of the grid situation, and the 
power flow can only be “shift” [9]. 
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II. POWER FLOW CONTROL 


A. Controlling the power flow through a 
transmission line 

A simplified relation between active power 
transported over a transmission line between sending 
and receiving nodes and the complex voltages at both 
nodes is: 
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Where sending node Vs and receiving node Vr, 5 the 
phase angle between these voltages and X L me the 
impedance. The active power is proportional to the 
voltages on the sending and the receiving ends and the 
phase angle between both ends; it is also inversely 
proportional to the line reactance. Therefore, the 
power flow through the line can be controlled by 
altering the voltage at a node, the impedance between 
nodes and the angle between terminal voltages. The 
line flow can also be altered by changing the line 
impedance. This can be done by inserting variable 
series impedance. Then, the active power flow can 
also be control by altering the phase angle between 
sending and receiving ends voltage with a series 
injected voltage in quadrature to the phase voltage. 


B. Phase Shifting Transformer 

The PST is installed as a series reactance with a phase 
shift in transmission line. The power flow through the 
line is increased by adding an angle a to the existing 
angleb. The phase shift is controllable within certain 
limits. The PST is a mechanically switched device 
which inserts a transformed, variable (using a tap 
changer) line voltage in series with the phase voltage. 
Figure 1(a) depicts this for direct symmetrical phase- 
shifting transformer and Figure 1(b) depicts its phasor 
diagram. 
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The state above can also be interpreted in another 
way: the active power is proportional to the phase 
angle between nodes. Altering the active power can 
be done by altering the phase angles. Although phase 
shifting transformers enable the control of power 
flowing through a line, the flow itself is still a 
function of the grid situation, and the power flow can 
only be “shifted” [9], 



Figured. Direct symmetrical PST (a) Circuit diagram 
and (b) Phasor diagram 

III. PRINCIPLES OF PHASE SHIFTING 
TRANSFORMER 

A. Basic Theory of Phase Shifting Transformer 

The phase shifting transformer (PST) is a specialized 
form of transformer used to control the active power 
flow in three phase electricity transmission networks. 
The term Phase Shifter is more generally used to 
indicate a device which can inject a voltage with a 
controllable phase angle and/or magnitude under no- 
load (off-load) and load (on-load) conditions. 

Operation of a conventional phase-shifter is 
characterized by: 

> High response time as a result of inertia of moving 
parts, and 

> High level of maintenance due to mechanical 
contacts and oil deterioration. 

The main power circuitry of the phase shifting 
transformer consists of Figure 2(a): the exciting 
transformer that provides input voltage to the phase 
shifter; the series transformer, that injects a 
controllable voltage V a in the transmission line; and 
the converter or tap changer, which controls the 
magnitude and/or phase angle of the injected voltage. 
A converter is used in case of a power electronic 
based interface, and a tap changer is used in case of a 
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mechanical controlled phase shifting transformer. 


The PST is a device that is used for power flow 
control in order to relieve congestions in electrical 
grids. Figure 2(a) shows a schematic diagram of a 
phase shifter installed on a transmission line between 
buses a and b. The sending and receiving ends of the 
transmission line are represented by voltage phasors 
Vs and Vr, and corresponding impedances Zs and Z R , 
respectively. 



Figure.2. Diagrams of a phase-shifting transformer: 
(a) Schematic diagram; (b) Phasor diagram; (c) Phase 
shift for advance [1] 


Depending on the magnitude and phase angle of the 
injected voltage V a , the magnitude and/or phase-angle 
of the system voltage Vb is varied Figure 2(b). With a 
flexible phase shifting transformer, the control range 
achieved is a circle with centre in the tip of the phasor 
V a and radius equal to the amplitude of V a . The output 
voltage of the phase shifting transformer is controlled 
by varying the amplitude and angle of the phasor V a , 
that is V a and cp [1]. 


The active power flow on the transmission line that 
incorporates a PST is given by: 
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Where X eq is the net equivalent reactance of the line 
and the sources, whereas 8s and 8 R are phase angles of 
the phasors Vs and V R , respectively. Based on 
equation (3) the angle a is the dominant variable for 
power flow control. 


B. Categories of Phase Shifting Transformer 

PST’s come in many different forms. They can be 
classified by these characteristics: 

> Direct PST’s are based on one three-phase core. 
The phase shift is obtained by connecting the 
windings in an appropriate manner. 

> Indirect PST’s are based on a construction with 
two separate transformers; one variable tap exciter 
to regulate the amplitude of the quadrature voltage 
and one series transformer to inject the quadrature 
voltage in the right phase. 

> Asymmetrical PST’s create an output voltage with 
an altered phase angle and amplitude compared to 
the input voltage. 

> Symmetrical PST’s create an output voltage with 
an altered phase angle compared to the input 
voltage, but with the same amplitude [7]. 

C. Delta-hexagonal Type Phase Shifting 
Transformer 

In this paper, Delta-hexagonal type Phase Shifting 
Transformer is applied for active power flow control. 
This type of PST can be symmetrical with two tap 
changers, as shown in Figure 3, or non-symmetrical 
with only one tap changer. To maintain symmetry 
when two tap changers are used, the tap changers are 
often interlocked such that they take alternating steps 
from neutral to maintain no more than one step off of 
symmetry. 

LI SI 



Figure.3. Delta-hexagonal type phase shifting 
transformer 

An important advantage of this design is that only one 
tap variable transformer is need per phase. Delta- 
hexagonal design PST has further advantage that the 
phase angle changes almost linearly with tap-changer 
setting. It is often used for lower voltage level. 
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IV. CASE STUDY 

230 kV Toungoo-Tharyagone line is selected for 
active power flow control by using PST. This line is 
important since it is one of a power feeding line to 
lower Myanmar National Grid. This transmission line 
is connected to Kamamet-Hlawga line that is one of a 
power carrying transmission line to Yangon City. The 
active power flow control becomes importance for the 
selected line because the power demand is varied on 
every time. For the control of active power flow, PST 
is installed in series with the selected line. Line data 
and line parameter of Toungoo-Tharyagone 
transmission line are shown in Table 1 and Table 2. 

The parameters of PST are shown in Table 3. In this 
case 200 MVA throughput power of PST is chosen 
depend on the maximum load condition in the 
selected line. For the active power flow performance 
16 steps On-load Tap Changer and ±30 degrees phase 
shift are selected. Thus, the tap is change from -8 to 8 
and the phase angle change for each tap is 3.75 
degrees. 


Tablel. Line Data of 230 kV Toungoo-Tharyagone 

Line 


Months 

if 

Qmax 

(MVAr) 

Smax 

(MVA) 

April(2017) 

263.57 

-15.54 

264.03 

July (2017) 

274.92 

3.62 

274.94 

December(2017) 

290.95 

9.80 

291.11 


Table2. Line Parameters of 230 kV Toungoo- 
Tharyagone Line 


System Voltage 

230 kV 

Line distance 

60.1 miles 

Conductor size 

2*605 MCM 

Frequency 

50 Hz 

Resistance 

0.0474 Q/km 

Reactance 

0.31763 Q/km 


Table3. Parameters of Phase Shifting Tran sformer 


Throughput Power 

200 MVA 

Design Power 

103.6 MVA 

Phase Shift 

30 degree 

OLTC 

16 steps 

Step Voltage 

4296 V 

System Current 

502 A 

Rated Voltage 

230 kV 


V. RESULTS AND DISCUSSION 
A. Simulink Model with Phase Shifting 
Transformer 

In this paper, AC 230 kV transmission line is 
connected from Toungoo Township to Tharyagone 
Township. Phase shifting transformer (PST) is 
inserted in series with the line to control power flow 
of network by adjusting the phase angles. The 
outgoing terminal of phase shifting transformer is 
connected with three phase RLC loads that is shown 
in Figure 4. The phase shift can be varied on loads by 
means of On Load Tap Changers (OLTC). In order to 
observe the operation of phase shifting transformer, 
one tap is 3.75 degree for each and the phase shift is 
increased from 0 to 30 degrees for leading (tap +8), 
then phase shift is reduced to 0 and increased again up 
to 30 degree lagging (tap -8). 
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Figure.4. Simulink model of with PST under maximum and minimum load condition 
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B. Simulink Model without Phase Shifting Transformer 


Discrete, 

7s = 0.0002 s. 


powergui 



Figure 5 shows the Simulink model of without PST 
under maximum and minimum load conditions in 230 
kV Toungoo-Tharyagone line. Before using PST, the 
active power flow on line is 264 MW from simulation 
the results. 

C. Simulations Results of Case Study 

The paper presents the analysis for active power flow 
control performance under maximum and minimum 
load conditions without and with PST in selected 
transmission line. From simulation results, the 
comparison under maximum and minimum load 
conditions for phase angle difference between the 
voltages with related to tap positions, active power 
flow with related to tap positions, receiving end 
voltage with related to tap positions, and phase 
difference with related to power flow is shown in 
Figure 6, Figure 7, Figure 8 and Figure 9. 



Figure.6. Comparison of result under maximum and 
minimum load conditions for the phase angle with 
related to tap positions 


Figure 6 presents the comparison of the phase angle 
with related to tap positions from simulation results. 
In this figure, the phase angle on minimum load 
condition is lower than the maximum load condition. 
The phase angle is also increased by raising the tap 
positions. 

In Figure 7, the active power flow on the line is 
different on various load conditions. From this result, 
it is clear that the active power flow on line is 
controlled by changing the tap positions. 

Figure 8 shows the comparison result for the receiving 
end voltage with related to tap positions from 
simulation results. In this figure, the receiving end 
voltage for maximum load condition is lower than the 
minimum load condition. The receiving end voltage 
decreased due to the load growth. When the tap 
positions increased, the receiving end voltage 
decreased. 



Figure.7. Comparison of active power flow with 
related to tap positions under maximum and minimum 
load conditions 
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Figure.8. Comparison of result under maximum and 
minimum load conditions for the receiving end 
voltage with related to tap positions 

The comparison of the phase angle with related to 
active power flow from simulation result is illustrated 
in Figure 9. From the results, the phase angle on 
maximum load condition is larger than the minimum 
load condition and the improvement of active power 
flow on the line depends on the phase angle 
increasing in phase shifting transformer. 



Figure.9. Comparison of result under maximum and 
minimum load conditions for the phase angle with 
related to active power flow 

VI. CONCLUSION 

The active power flow on the line is increased by 
controlling the phase angles between sending ends 
and receiving end voltages. The phase angles are 
controlled by changing the tap position on the OLTC. 
In this paper, Direct Symmetrical Delta-hexagonal 
type PST is chosen for the connections of transformer. 
Matlab software is applied for the simulation results. 
Two models for active power flow control with and 
without PST under load condition are described. In 
the result, before using PST the active power flow on 
line for maximum load condition is 264 MW and for 
minimum load condition is 2.26 MW. By using PST, 
the active power flow on the line is controlled from - 
67.27 MW to 450.89 MW for maximum load 
condition and -0.84 MW to 481.52 MW for minimum 


load condition. So, PST can control an active power 
flow in transmission lines. 
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